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Abstract 
We are developing a planning support system for welfare urban design. If we quantify the optimal route (the route that is the 
easiest to pass through) for challenged people, we will be able to select the areas that require adjustment in terms of accessibility 
with greater efficiency. In this paper we report on our development of the prototype system to present an optimal route for 
wheelchair users, and also, the two workshops we had for evaluating the accuracy of the resulted optimal route. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In 2006 the "Act on Promotion of Smooth Transportation, etc. of Elderly Persons, Disabled Persons, etc." (Aka: 
new barrier-free law) was enacted. There has been a significant improvement in the legal system concerning 
universal design of the surrounding living environment. However, there is a discrepancy in nationwide initiatives by 
local governments related to universal design - the freedom of movement for people with disabilities is still limited. 
Comparing large-scale commercial facilities in a suburban area and city center, wheelchair users use the suburban 
facilities more often because there are generally fewer steps, more parking areas for persons with disabilities, and 
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multi-purpose toilets. On the other hand, there is a need to visit the city center for social or work gatherings, as well 
as to enjoy the many specialty or brand stores [1]. Therefore, there is a demand for activities in the city center, but 
because of inadequate access people are forced to use facilities in the suburbs.  
Compared to newly built malls in suburban areas, there is a mix of new and old buildings/shops in the city center, 
so renovation of those areas to incorporate universal design is limited. Therefore, it is important to precisely estimate 
the efficiency of the proposed renovation plan in advance. Traditionally, the renovation plan for the urban area is 
built on the discussion table based on the survey data with maps and photos. However, not a lot of persons with 
disabilities participate in the welfare urban design, and also the planning scheme is not well theorized. As a result, 
there are many cases where the plan did not work efficiently because of lack of knowledge and preliminary 
verification. 
We are developing the urban planning support system which will quantitatively simulate the design plan. For the 
appropriate review of the plan, we need to replicate the movement tendencies of persons with disabilities in the 
urban area. The Barrier-free map system (developed by Yairi et al. [4]) and the optimal route finding method 
(developed by Izumi et al. [6]) propose a way to present an optimal route for persons with disabilities. However, 
there are no studies or evaluations based on how much this optimal route would be identical to the route that persons 
with disabilities would choose. Also, the factors that play a role in choosing the route are not explained. 
The purpose of this study is to examine the factors that are considered by persons with disabilities when they 
navigate the urban area and to replicate the route chosen by them in the system. In this study we targeted wheelchair 
users. For optimal route finding, we used the graph representation and route finding method that uses the path 
difficulty level as a weight of a graph edge [4]. The difficulty level is a combination of physical burden measured by 
area survey and psychological burden resulted from AHP (Analytical Hierarchy Process) [8].
2. Current Research in the Context of Previous Studies 
There are some researches that promote the movement and activities of persons with disabilities. Yairi et al. 
developed a barrier-free map by focusing on the pedestrian navigation to present a secure and optimal route for 
persons with disabilities. The application was also intended to provide information and/or photos about your 
destination [4] [5]. Izumi et al. research proposed an optimal route finding method taking into account not only the 
physical burden, but also the psychological aspect [6]. The research also included the development of a three-
dimensional barrier-free map that can run on the browser and show a 3D animation of a person on a wheelchair 
moving through the optimal path [7].
In these studies, a method of presenting an optimal movement route for persons with disabilities has been 
proposed. However, there are no studies or evaluations based on how much this optimal route would be identical to 
the route that persons with disabilities would choose in a real location. Also, the factors that play a role in selecting 
the route are not clarified. 
The purpose of this study is to examine the factors that are considered by persons with disabilities when they 
navigate the urban area and to replicate the route chosen by them in the system. 
3. Proposal of Evaluation Method of the Optimal Route 
For optimal route finding based on the barrier and barrier-free information for persons with disabilities, the graph 
representation and route finding method, that uses the path difficulty level as a weight of a graph edge [4], is 
generally used. This study utilizes the same method, as well as the method proposed in Izumi et al. study, which 
takes into account both physical and psychological burdens in route selection to define the difficulty level. Thus, for 
this study, the difficulty level combines the psychological burden felt by wheelchair-users, that is calculated with 
AHP (Analytic Hierarchy Process [8]), and the physical burden, based on the data gathered for the study, to 
reproduce the route selection of wheelchair-users in the system. 
Here it is important to define what factors are considered by wheelchair users in their route selection. The factor 
is the evaluation criteria in the AHP, referred to as such henceforth. In this study, the route selection means selecting 
an acyclic route between 2 points amongst multiple routes. 
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The following 7 steps were used in the “Workshop of welfare urban design with the planning support system for 
persons with disabilities [3]” (workshop) to determine the evaluation criteria and the reproduction quality. 
1. Show “least demanding route” that has the lowest indicator of muscle action potential 
2. Discuss “least demanding route” with wheelchair users 
3. Determine “user route” chosen by wheelchair users to travel 
4. Discuss why they chose “user route” and also which factors they considered 
5. Decide the impacting factors to use in AHP pairwise comparison 
6. Assign weights for every factor determined by the AHP pairwise comparison done by wheelchair users 
7. Compile “optimal route” from the combination of survey data and the AHP weights 
3.1. Selection of Model Area and Route Survey 
For this study, we chose a model area in Kumamoto city that encompasses a part of the central shopping arcade. 
The area is approximately 13.6ha and includes the city office, two major shopping buildings and two main streets. 
We chose 72 streets in the model area accessible to wheelchair users, shown in Fig. 1. To choose these streets, we 
consulted an advisor for persons with disabilities, who is very familiar with the area. We showed him photographs of 
all the streets in the area and he defined the streets that could be accessed by wheelchair users [2]. As a rule, if there 
was a pedestrian area, then the proposed route would go through the middle of that area. If there was no pedestrian 
area, or it was difficult to use, the route was moved to the middle of the traffic road. The routes that were not 
accessible to the wheelchair users were removed.  
Fig. 1. Model area and routes. 
Then, we compiled a detailed survey of the chosen 72 streets. The survey included the length and width of the 
street (If there was a pedestrian road, then the width was calculated as the minimum width of that road. If there was 
no pedestrian road, then the width was taken as the width of the traffic road.), paving materials, existence of 
manholes and hand-holes, gutter and grating covers, and poor maintenance points, also, presence of roofs or eaves, 
existence of braille blocks, existence of pedestrian areas, presence of mobile obstacles (flowerbeds, sign boards and 
banner flags, waste storage, etc.), unmovable obstacles (benches, bollards and traffic guards, ashtray bins, telephone 
boxes, post boxes, etc.) and others (trees, lamp posts, utility poles and utility boxes, traffic signs), as well as the 
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intensity of pedestrian flow in both ways. Please refer to Koga et al. report [2] for the details of the survey. At a later 
date we surveyed the cross slope (existence, angle, shape), direction of inclines, the street parking situation and 
surface smoothness. 
Fig. 2. Measuring muscle action potential. 
As an index for performing a route search based on the physical burden, we measured muscle action potential 
when a person is using a wheelchair in real-time conditions. We divided the streets into links of varying length. 
From those links we chose 224 links, which were longer than 10m. We measured the muscle action potential in both 
directions in the middle of those links (length=5m) [3].  The muscle action potential was measured in 6 points on the 
dominant arm (biceps brachii, triceps brachii, brachioradialis, anterior deltoid, middle deltoid and posterior deltoid) 
using an electromyograph (TeleMyo240, Noraxon). The 6 points are shown in Fig. 2. In this survey, an able-bodied 
person was using the wheelchair. We used the muscle action potential in a link that had the least potential, as the 
value of the base muscle action potential, calculated as the muscle action potential when moving through the “ideal 
road” (a road that has no burden, except the length). 
3.2. Prototype System for Presenting the Route Information 
To assess the validity of the optimal route in the workshop, we implemented a prototype system for presenting the 
route information (Fig. 3). We used Unity [9] an engine for developing interactive 3D content. 
In this system, you select start and destination points to perform the route search, then the system will show the 
optimal route, based on the difficulty level of each route. The optimal route will be displayed on the map with the 
shortest (the smallest Euclidean distance) route available. In addition, to help the discussion in the workshop you can 
access information about the route, such as photos and survey data. You can also see some data as a heat map, 
pedestrian intensity flow, the muscle action potential required, number of obstacles, etc. Furthermore, we 
implemented a 3D walkthrough simulation of a person in a wheelchair using the optimal routes provided. In the 
simulation the amount of pedestrians was generated according to the pedestrian intensity flow survey data. Using 
this system in the workshop, we discussed and gathered the evaluation criteria, based on which the wheelchair users 
selected the routes. 
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4. Workshops 
We held 2 workshops to evaluate the Planning Support System for Welfare Urban Design, including the 
Prototype System for Presenting the Route Information. Here we focus on the optimal route finding and defining the 
evaluation criteria. 
Fig. 3. Prototype System. (The character on the wheel chair is Unity-Chan, http://unity-chan.com) 
4.1. 1st Workshop 
The 1st workshop was held at the K hospital in Kumamoto city on 12th of January 2014. It consisted of 11 
wheelchair users, 2 general participants, a local government representative, and organizing staff (2 university 
professors and 6 students). We divided the participants into 2 groups. 
Here, we examined the problems wheelchair users face in the city center and discussed the maintenance plan. We 
asked them about the places they visit in the city center, such as destinations, parking, and multi-purpose toilets. 
Then we searched the optimal route between these places and showed the route to them to see whether it is suitable 
for them and to get their opinion. Also, we asked them to show the route they would normally choose and to explain 
why they chose it. For this workshop we used the optimal route as calculated by the muscle action potential only. 
In this workshop we found out that the wheelchair users not only consider the physical burden when selecting the 
routes, but also many other elements. We recorded the discussions in the workshop using IC recorders and 
transcribed them. We extracted the opinions of the participants regarding optimal route finding. Factors that 
impacted the route selection were: width of the road, presence of car traffic, bicycle traffic, street parking (taxis, cars, 
bicycles), surface smoothness, presence of roofs or eaves (protection from rain), slopes, cross slopes, steps, braille 
blocks, grating, sign boards on the street, street lighting (brightness at night). We selected 8 factors to use in the 2nd 
workshop as an evaluation criteria for pairwise comparison using muscle action potential, presence of car traffic, 
width of the road, cross slopes, inclines, surface smoothness, presence of roofs and eaves, mobile obstacles (ex. sign 
boards, street parking). 
4.2. 2nd Workshop 
The 2nd workshop was held at the N hotel near the model area on the 12th of January, 2014. The participants 
included 7 wheelchair users, 1 general participant, 2 local government representatives, organizing staff (3 university 
professors and 5 students). 
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This time we used the 8 evaluation criteria, selected in the 1st workshop, and asked the participants to do a 
pairwise comparison to calculate the weights (importance) of each criterion. We conducted a questionnaire among 
the 6 wheelchair users and received valid answers from 5 people (1 person forgot to fill in the questions on the back 
of the questionnaire sheet). Table 1 shows the list of criteria weights (higher values means higher interest). 
Table 1. Evaluation criteria for individual wheel chair users. 
Evaluation Criteria User A User B User C User D User E 
Presence of car traffic 0.0274164 0.0862915 0.15301 0.138716 0.0215391 
Low muscle action potential use 0.185741 0.0523549 0.0287935 0.05196 0.410139 
Width of the route 0.0916786 0.0939984 0.0991507 0.115298 0.0465806 
Smoothness of the surface 0.121197 0.228436 0.423129 0.0721625 0.085424 
Presence of roofs or eaves 0.115207 0.236676 0.194588 0.432954 0.0495606 
Less mobile obstacles 0.0296246 0.140317 0.0185217 0.0500042 0.0141471 
Less cross slope 0.316405 0.0784735 0.0468998 0.0737918 0.13552 
Not inclining 0.11273 0.083453 0.0359072 0.0651141 0.23709 
Also, we showed the shortest route, the least demanding route (using the least muscle action potential), and the 
user route (proposed by the wheelchair users) and asked the participants to run the proposed routes and to give their 
opinion on each. After that we showed the optimal route (using the 8 criteria), and asked the participants for their 
opinion on the suitability of the route. 
5. Evaluation Result 
Although, most studies use the route of least physical strain, the least demanding route, proposed in the 1st
workshop, did not match the user route. Up to now, there were no studies that researched what elements are 
considered by the wheelchair users in route selection. In this study we proposed the least demanding route that uses 
the muscle action potential as a physical burden assessment. When discussing the route in comparison with the user 
route, we found that they considered other factors, which do not directly affect the physical burden, such as width of 
the road, car traffic, etc. 
In the 2nd workshop we used the main 8 criteria, that the wheelchair users consider when selecting the route, then 
we determined the weight of each criterion through the pairwise comparison. However, there was no consensus 
among the 5 people, who participated in the questionnaire. Also, only a part of the user route coincided with the 
optimal route. 
The fact that the participants varied in age, experience, physical strength and remaining physical capabilities, 
could have affected the consensus of the result. Furthermore, the number of participants was not sufficient to 
indicate a statistical significance. However, even though we simply targeted the self-driving wheelchair users, they 
have pointed out a wide variety of impacting factors. Thus, we have confirmed that it is important to consider not 
only the physical burden, but also the psychological burden as Izumi et al. study suggested. 
6. Discussion 
In this section we will discuss why the optimal route and the user route did not match. We are going to examine 
each route segment in detail and make a qualitative assessment to find the factors lacking in the current optimal route 
finding. 
The model area is a slightly distorted linear grid, where the streets generally run in North-South (vertical) and 
East-West (horizontal) directions. To move from one parallel street to another you must select one of the 
perpendicularly intersecting streets. Assume that we are moving from point 80 to point 134 in Fig. 4. If you compare 
route 76-134 (route from point 76 to point 134) to route 80-136 on the vertical axis, the distance travelled is very 
similar, so selecting either one will have similar results in the context of getting close to the destination (point 134). 
To travel to your destination (from point 80 to point 134), you would have to choose between routes 136-134 and 
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80-76 (horizontal routes), and between routes 76-134 and 80-134 (vertical routes). We will refer to such routes as 
alternative routes. This way, route 136-134 is an alternative route to route 80-76 and vice versa. The same can be 
applied to the routes 76-134 and 80-134. 
Fig. 4. Optimal and User Routes. 
From the point of view of alternative routes we have analyzed each route segment from point 81 to point 157 for 
both optimal route and user route. The start point 81 is located near the entrance to a bookstore, and the destination 
point 157 is the back door to the City Hall. Note that these routes are the routes we asked the participants of the 2nd 
workshop to travel and give feedback about. We will describe an alternative route set as: {tag.1: start-destination, 
tag.2: start-destination, …, tag.n: start-destination}. Here we use the following 3 sets of alternative route segments 
(Fig. 5 shows photograph of each route segment): 
y {A1:76-134, A2:81-136} 
y {B1:134-176, B2:169-155} 
y {C1:80-76, C2:136-134, C3:172-169} 
A1 is a part of a pedestrian-only main street in the model area. The street is wide and has intense pedestrian traffic. 
The middle part of the road is high and the sides slope downwards for drainage. A2 has a somewhat narrow 
pavement (minimum road width is 2.2m), wheelchair users may need to stop or slow down when passing a 
pedestrian. In addition, it is required to get on and off the pavement at the intersections. 
The first half of B1 does not have pavements, so you need to use the traffic road. In the latter half of B1 you can 
use either a narrow pavement (minimum road width is 1.1m) or the traffic road. There are times when a vehicle is 
parked on the pavement and is blocking the way. However, this street is less crowded during the daytime. The City 
Hall (destination) is visible when you are travelling along the street. B2 has a smooth surface, no cross slope and is 
relatively easy to travel. Because there is a braille block, the width of the road is slightly restricted. You have to get 
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on and off the pavement at the intersections. Running along the main traffic road, it has a more intense pedestrian 
flow than B1 and has many cases of people riding bicycles on the pavement. 
Fig. 5. Photograph of each street (7 squares at upper right is indicating street tags). 
C1 is a pedestrian street with relatively intense pedestrian flow. There is a lot of movement in and out of the 
establishments, such as bookstores and coffee shops. There are utility boxes and bollards preventing the entry of 
vehicles. It has a downwards slope from point 80 to point 76. C2 is slightly steeper than C1. There are almost no 
steps between the pavement and the road, however, the pavement has utility poles, which force wheelchair users to 
use the traffic road. C3 runs along the main street. Because of the large intersection, there are many people waiting 
for the traffic light, so the pedestrian flow is very intense. Also, there are smoking areas, where people often sit 
along the street, and entrances to a department store that are used frequently. 
In conclusion, it appears, that the optimal route generally selects wider roads with smooth surfaces, whereas, the 
wheelchair users tend to select streets where it is easy to pass by pedestrians (no need to slow down or stop), and 
streets that do not require to get on and off the pavement. Also, if the difference between travel distances is small, 
the wheelchair users prefer to use roads where facilities of interest are visible. For the current optimal route finding 
we have considered the pedestrian flow intensity, however, we did not consider the ease of passing by pedestrians. 
Because the wheelchair cannot stop suddenly or quickly change direction in order to avoid collision with a 
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pedestrian, it should be considered as an important factor in optimal route finding. The participants of the workshop 
have said that they do not want to slow down when moving. We also think that getting on and off the pavement at 
the intersections is a burden, however, this was not taken into account for the optimal route finding. Because the 
wheelchair users tend to select a route where the facility of interest is visible (if the distance is similar), it is 
important to consider this as a psychological factor. 
7. Conclusion 
In this study, in order to reproduce the route the wheelchair users select when traveling, we made a detailed 
survey of the accessible streets within the city center area. During the 2 workshops we held, we defined the 
evaluation criteria that wheelchair users consider when selecting the routes. By using the 8 evaluation criteria, we 
could get the optimal route that has closer results to the user route, than the least demanding route, which uses only 
the muscle action potential. 
However, the matches between the user route and optimal route were limited. That is why we have studied each 
route segment in detail and made a qualitative assessment. From there, we found that the additional factors to be 
considered are: ease of passing a pedestrian, getting on and off the pavement at intersections, prioritizing roads that 
have a view of the location of interest. 
As a further study, we will collect a sufficient amount of user routes between multiple start and destination points. 
Then we will classify them based on the survey data to statistically examine the route selection of wheelchair users. 
In addition, we will compare the optimal routes and the user routes in detail for a wider variety of suggested routes. 
This would make it possible to quantitatively compare them using the evaluation criteria. We would like to apply our 
method to other situations in the future. 
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